Journal of The Korean Astronomical Society 
00: 1 - 00, 2011 ???????? 

©2011 The Korean Astronomical Society. All Rights Reserved. 



A Photometric Study of Five Open Clusters in the SDSS 

JiNHYUK Ryu and Myung Gyoon Lee 
Astronomy Program, Department of Physics and Astronomy, Seoul National University, Seoul 151-742, Korea 

E-mail : ryujh@astro.snu.ac.kr and mglee@astro.snu.ac.kr 
(Received ????? ?, 2011; Accepted ????? ??, 2011) 

ABSTRACT 

We present a photometric study of five open clusters (Czernik 5, Alessi 53, Berkeley 49, Berkeley 84, 
and Pfleiderer 3) in the Sloan Digital Sky Survey. The position and size of these clusters are determined 
using the radial number density profiles of the stars, and the member stars of the clusters are selected 
using the proper motion data in the literature. We estimate the reddening, distance, and age of the 
clusters based on the isochrone fitting in the color-magnitude diagram. The foreground reddenings for 
these clusters are estimated to be E{B — V) = 0.71 — 1.55 mag. The distances to these clusters are 
derived to be 2.0 — 4.4 kpc, and their distances from the Galactic center range from 7.57 kpc to 12.35 
kpc. Their ages are in the range from 250 Myr to 1 Gyr. Berkeley 49 and Berkeley 84 are located in the 
Orion spur, Czernik 5 is in the Perseus arm, and Pfleiderer 3 and Alessi 53 are at beyond the Perseus 
arm. 

Key words : Galaxy: stellar content — Hertzsprung-Russell and C-M diagrams — open clusters and 
associations: general — open clusters and associations: individual (Alessi 53, Berkeley 49, Berkeley 
84, Czernik 5, Pfleiderer 3) 



1. INTRODUCTION 

Open clusters (OCs) are groups of tens to a few thou- 
sand stars with sizes of several parsecs. Stars in an 
OC are born simultaneously in a giant molecular cloud, 
which is usually found at the Galactic disk. Therefore 
these OCs are excellent tracers of the formation and 
evolution of the Galactic disk. As an example, Piatti 
(2010) found that the age distribution of the OCs in 
our Galaxy shows two prominent peaks at 10-15 Myrs 
and 1.5 Gyrs, providing an evidence of enhanced for- 
mation episodes of the OCs at these epochs. There 
are more than two thousands of OCs and OC can- 
didates listed in the catalog of optically visible open 
clusters and candidates by Dias, Alessi, Moitinho, and 
Lepine 2002 (hereafter DAML02*). However, accord- 
ing to DAML02, physical parameters such as the red- 
dening, distance, and age of the clusters are still un- 
known for about half of them. Therefore, it is needed 
to determine the physical parameters of these OCs for 
enhancing our knowledge about the Galaxy structure. 

To determine the physical parameters of OCs, we 
can use photometry for individual OCs that are ob- 
served by ourselves (Lee 1997; Park & Lee 1999; Ahn 
et al. 2002). However, it is less efficient than using 
wide field survey data. It contains enormous amount 
of data which cover a large area of the sky. One of the 
widely-used surveys is the Two Micron All Sky Sur- 
vey (2MASS; Skrutskie et al. 2006). There are many 
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studies about OCs based on the 2MASS, including dis- 
coveries of new OC candidates (Kronberger et al. 2006; 
Froebrich et al. 2007; Koposov et al. 2008), and esti- 
mations of physical parameters of OCs (Tadross 2008; 
Tadross 2009; Camargo et al. 2009). 

The Sloan Digital Sky Survey (SDSS; York et al. 
2000) is another excellent resource for the OC study. 
The SDSS covers a quarter of the whole sky and con- 
tains a few hundred million stars. Nevertheless, there 
are only a few studies about OCs using the SDSS until 
now. For examples. An et al. (2008) presented fiducial 
sequences of 17 Galactic globular clusters and 3 well- 
known OCs (NGC 2420, NGC 6791, and M67), and An 
et al. (2009) made theoretical isochrones and compared 
them with data in An et al. (2008). 

In this paper, using the SDSS, we present a photo- 
metric study of five OCs in our Galaxy those were little 
studied: Czernik 5, Alessi 53, Berkeley 49, Berkeley 84, 
and Pfleiderer 3. We determine the physical parame- 
ters of these clusters, using the ugriz photometry we 
derive from the SDSS images. Three of them (Czernik 
5, Berkeley 49, and Berkeley 84) were studied previ- 
ously using 2MASS data (Tadross 2008; Tadross 2009; 
Camargo et al. 2009), but none of them were studied 
in the optical band. During this study, Subramaniam 
et al. (2010) presented BVI photometry of Berkeley 49. 
No study is available for Alessi 53 and Pfleiderer 3 as 
yet. 

This paper is organized as follows. Section 2 de- 
scribes data, the selection of target clusters, and how 
to derive photometry of the target clusters. Section 3 
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explains the methods to determine the eenter and size 
of each cluster, and derive physical parameters of the 
clusters. In Section 4, we present color-magnitude di- 
agrams (CMD) of these clusters. Then we derive fore- 
ground reddening, distance, and age of these clusters 
from the CMDs. We discuss the properties of the tar- 
get clusters, and their locations in the Milky Way in 
Section 5. Finally primary results are summarized in 
Section 6. 

2. DATA AND DATA REDUCTION 

We used u, g, r, i, and z images in the SDSS for this 
study. The SDSS obtains images and spectra of sources 
using a 2.5-m telescope at the Apache Point Observa- 
tory. It covers a quarter of the entire sky for survey, 
and limiting magnitudes of photometry are 22.0, 22.2, 
22.2, 21.3, and 20.5 mag for u, g, r, i, and z bands, 
respectively. These magnitudes correspond to 95% de- 
tection repeatability for point sources. The field of view 
for a chip is 13'.51 x8'.98, and the pixel scale is 0".396. 
An image is taken by the drift scan with an integration 
time of 54 seconds. 

We selected the target clusters among 170 OCs in 
the SDSS Data Release 7 (DR7; Abazajian et al. 2009) 
with following criteria: (1) being located far from the 
edge of the survey area, (2) being distinguished clearly 
from backgrounds, (3) being poorly studied, (4) not be- 
ing saturated, and (5) not having too large angular size 
(smaller than ~ 10'). Finally we chose 5 OCs: Czernik 
5, Alessi 53, Berkeley 49, Berkeley 84, and Pfleiderer 3. 

The SDSS provides point-spread-function (PSF) fit- 
ting magnitudes of point sources. However, standard 
SDSS photometric pipelines (Lupton et al. 2002) do not 
provide PSF magnitudes of some stars in the crowded 
region like a central region of a star cluster. Therefore 
we decided to derive photometry of these clusters by 
ourselves rather than using the SDSS DR7 catalog. 

We derived PSF magnitudes from the SDSS images 
using the IRAPt /DAOPHOT (Stetson 1987). We ob- 
tained FITS files of the chosen clusters from the SDSS 
Data Archive Server (DAS). These images were already 
bias subtracted, dark corrected, and flat fielded by 
pipelines. 

Figure 1 shows gray-scale maps of r band images 
of the clusters. Pfleiderer 3 was observed twice, and 
we combined the two images. For each field containing 
the clusters, we derived photometry independently. We 
used the gain and readout noise of the SDSS chips from 
Table 4 of An et al. (2008). After deriving the magni- 
tudes in each band, we selected point sources that are 
detected at least in two bands. 

We derived zero-point differences using the sources 
that are r < 17 and common between ours and the 
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SDSS DR7 point source catalogs. Zero-points, rms er- 
rors, and the number of stars used for the standard 
calibration are listed in Table 1. All rms errors of the 
standard calibration is less than 0.004. Table 2 lists the 
ugriz photometry of these five clusters. 

3. METHOD 

3.1 Membership Determination 

We selected member stars of the clusters using 
proper motion data in the PPMXL (Roeser et al. 
2010b). The PPMXL is an astrometric catalog pre- 
pared by combining USNO-Bl.O and the 2MASS as- 
trometry. The catalog provides positions and absolute 
proper motions. It is complete down to about V = 20 
mag. The average and dispersion of the proper mo- 
tions were estimated using the stars in the field of each 
cluster with following conditions: J < 14, i? < 2Rci, 
where Rd represents the radius of the cluster, and 
—50 < [/iQ,cos(5, fj,s] < 50. Based on these values, we 
defined the boundary of the proper motion. Figure 
2 shows vector point diagrams of the proper motion 
for the five clusters. Most stars in each cluster are 
distributed near the zero point (0,0), but the average 
values of the proper motions are slightly off from the 
zero point. Some stars located far from this group may 
not be members of the cluster. We use an ellipse for 
defining the boundary, because dispersions along the 
RA-direction and the Dec-direction are not the same. 
This ellipse has an average of proper motions as a cen- 
ter, and 3 times of dispersions as axis lengths. 

3.2 Determining the center and size of the 
clusters 

We determined the center of the clusters by finding 
the maximum surface number density of the member 
stars in each cluster. We investigated the peak value of 
the number density using the stars within 14 < r < 20 
for the clusters except for Pfleiderer 3. The stars in 
Pfleiderer 3 are fainter than those in other clusters so 
that we used stars within 18 < r < 20. A searching bin 
used for finding the maximum is a circle of R = 0'.25 
radius. If there are more than one local maximum of 
the number density, we moved the center of clusters to 
the position of a peak value which is confirmed visually. 
Using these new centers, we derived radial number den- 
sity profiles of the clusters, as shown in Figure 3. We 
determined visually the size of the clusters as where 
the excess of the number density is indistinguishable 
from the outer region. The coordinates and sizes of the 
clusters from DAML02 and from this study are listed 
in Table 3. 

3.3 Determining the physical parameters 

We derived the physical parameters of these clus- 
ters using the; following methods. We determined the 
foreground reddening using the Padova isochrones (Gi- 
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Fig. 1. — Gray-scale maps of the r band images for target clusters, which are obtained from the SDSS DAS. Images 
are rotated and combined using SWarp (Bertin et al. 2002). The x-axis and y-axis denote the RA and Dec coordinate, 
respectively. Each solid circle indicates the size of the cluster, and the region within dashed circles represents a background 
region which has the same area as that of the cluster region. The name of clusters and the radius of the inner circle or arc 
in each panel are as follows: (a) Czernik 5 (7?i„ = 4'), (b) Alessi 53 {Ri„ = 4'), (c) Berkeley 49 {Rin = 3'. 5), (d) Berkeley 
84 {Rir, = 3'.5), and (e) Pfleiderer 3 [Ri^, = 3'.75). 
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Table 1 

Transformation coefficients 



Czernik 5 Alessi 53 Berkeley 49 (Field 1) 



Filter 


Z 


rms 


#: of stars 


Z 


rms 


# of stars 


Z 


rms 


# of stars 


u' 


2.232 


0.004 


96 


1.966 


0.002 


141 


2.505 


0.003 


70 


g' 


1.074 


0.001 


258 


1.160 


0.002 


309 


1.067 


0.001 


84 


r' 


1.385 


0.001 


444 


1.374 


0.000 


448 


1.427 


0.001 


118 


i' 


1.764 


0.001 


618 


1.697 


0.001 


635 


1.693 


0.003 


130 


z' 


3.460 


0.000 


626 


3.001 


0.001 


673 


3.409 


0.002 


130 




Berkeley 49 (Field 2) 




Berkeley 84 




Pfleiderer 3 


Filter 


Z 


rms 


# of stars 


Z 


rms 


# of stars 


Z 


rms 


# of stars 


u' 


2.495 


0.003 


40 


2.459 


0.003 


37 


1.899 


0.002 


105 


g' 


1.069 


0.002 


44 


1.055 


0.002 


45 


1.094 


0.001 


219 


r' 


1.406 


0.002 


51 


1.396 


0.001 


56 


1.340 


0.001 


329 


i' 


1.637 


0.003 


57 


1.738 


0.002 


54 


1.710 


0.001 


427 


z' 


3.413 


0.004 


61 


3.373 


0.004 


59 


3.039 


0.001 


477 



Table 2 

ugriz Photometry of five open clusters'' 



ID RA(J2000) DEC(J2000) u e„ g eg r er i e, z Membership'' 



(a) Czernik 5 

^ 01:54:25.22 — +61:19:46.2 — 20^1 — oTo^T — Ts?m — mm — TT?m — mm — TTTios — am ~ — r 

185 01:54:35.82 +61:20:06.3 18.864 0.015 16.744 0.003 15.667 0.004 15.167 0.003 14.882 0.004 1 

326 01:54:40.78 +61:25:14.2 18.463 0.011 16.423 0.002 15.701 0.004 15.315 0.002 15.024 0.004 1 

421 01:54:43.31 +61:19:26.3 19.347 0.019 17.173 0.004 16.212 0.004 15.693 0.007 15.230 0.004 1 

440 01:54:43.76 +61:18:46.1 17.557 0.008 15.944 0.003 15.086 0.004 14.665 0.004 14.434 0.003 1 



(b) Alessi 53 

~~2 06:29:03.20 +09:15:26.0 18.764 01)22 17.228 OTUOT 16.504 OUTl 16.084 0003 15.850 0008 T 
129 06:29:08.27 +09:14:00.6 21.990 0.165 19.872 0.011 18.901 0.013 18.297 0.005 17.925 0.019 1 
217 06:29:10.81 +09:12:16.3 — — 21.939 0.062 20.615 0.042 19.825 0.020 19.463 0.056 2 
262 06:29:11.74 +09:13:18.9 19.821 0.032 18.043 0.004 17.235 0.007 16.876 0.012 16.625 0.009 1 
350 06:29:13.48 +09:13:43.4 18.472 0.014 16.939 0.003 16.252 0.006 15.958 0.009 15.743 0.006 1 



(c) Berkeley 49 

"TL3 19:58:36.92 +34:36:30.3 21.338 0+9(1 18.870 OUOT 17.724 011)8 17.124 0l)T2 16.611 OOTO T 
262 19:58:39.12 +34:36:10.3 18.513 0.022 16.573 0.003 15.602 0.006 15.162 0.008 14.873 0.005 1 
692 19:58:43.06 +34:37:09.3 — — 22.495 0.070 20.740 0.033 19.974 0.030 19.249 0.040 1 
810 19:58:43.94 +34:38:52.2 17.551 0.015 15.771 0.003 14.886 0.006 14.492 0.010 14.262 0.003 1 
1006 19:58:45.45 +34:33:57.5 — — 21.399 0.029 19.680 0.014 18.776 0.012 18.104 0.016 1 



(d) Berkeley 84 

20:04:06.70 +33:53:1S.6 1577713 01535 IHUDB fTDOB TTTTa !n5D3 tnJDB IHTSTB fTDOS T 

104 20:04:07.70 +33:53:13.6 17.634 0.011 16.066 0.002 15.049 0.004 14.356 0.005 14.003 0.006 1 

236 20:04:09.33 +33:52:46.1 16.651 0.007 15.400 0.004 14.993 0.003 14.698 0.003 14.725 0.006 1 
331 20:04:10.49 +33:54:43.3 18.273 0.014 16.776 0.003 16.174 0.006 15.816 0.005 15.767 0.007 1 
509 20:04:11.92 +33:52:28.4 18.187 0.011 16.401 0.019 16.002 0.006 15.702 0.015 15.663 0.016 1 



(e) Pfleiderer 3 

~T2 23:07:32.16 +60:52:32.3 ~ ~ 21.408 0046 19.630 Uxmi 18.785 (71)12 18.240 OOTi 2 

108 23:07:35.17 +60:55:21.9 19.516 0.025 17.402 0.006 16.276 0.006 15.690 0.007 15.275 0.011 1 
216 23:07:40.73 +60:53:33.9 19.588 0.021 16.382 0.004 14.788 0.004 14.030 0.004 13.473 0.003 1 
285 23:07:42.75 +60:49:28.7 17.736 0.007 16.045 0.009 15.356 0.003 15.072 0.003 14.811 0.006 1 
372 23:07:45.70 +60:48:35.5 21.406 0.090 19.337 0.007 18.014 0.007 17.385 0.008 16.962 0.010 1 



•^This is a sample of the full tables, which are compiled from the catalog of each cluster. The full tables will be available from the authors 

upon request. 

''I and 2 represent cluster members and non-members, respectively. 
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Fig. 2. — Vector point diagrams of the proper motions in the field of each cluster: (a) Czernik 5, (b) Alessi 53, (c) Berkeley 
49, (d) Berkeley 84, and (e) Pfieiderer 3. The ellipses around the zero point are the boundary to exclude non-member stars. 
Dots represent the stars with J < 14, squares represent the bright stars with J < 12.5, and plus symbols represent the stars 
inside the half radius of the cluster. These symbols indicate that they are more probable members than other stars of the 
cluster, but some of them are lying the outside of the ellipse. 
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Fig. 3. — Radial number density profiles for the stars in the clusters: (a) Czernik 5, (b) Alessi 53, (c) Berkeley 49, (d) 
Berkeley 84, and (e) Pfieiderer 3. The dashed lines represent the size of each cluster. Error bars denote Poisson errors. 
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Table 3 

The coordinates and sizes of the target clusters 







DAML02 




This study 




(This study) 


- (DAML02) 


Name 


RA 


DEC 




RA 


DEC 




A RA A DEC 


AJici 




(h m s) 


(O , 


(') 


(h m s) 


(° ' ") 


(') 








Czernik 5 


01 55 06 


+61 20 00 


0.75 


01 55 43.4 


+61 21 21 


1.75 


561" .0 


81" 


I'.OO 


Alessi 53 


06 29 24 


+09 10 55 


1.4 


06 29 24.0 


+09 10 49 


1.75 


o".o 


-6" 


0'.35 


Berkeley 49 


19 59 31 


+34 38 48 


2.0 


19 59 29.8 


+34 38 30 


1.25 


-18".0 


-18" 


-0'.75 


Berkeley 84 


20 04 43 


+33 54 18 


4.5 


20 04 42.6 


+33 54 24 


1.25 


-6".0 


6" 


-3'.25 


Pfleiderer 3 


23 08 11 


+60 52 24 


2.0 


23 08 11.8 


+60 51 54 


2.00 


12". 


-30" 


o'.oo 



rardi et al. 2004) in the CMD and the Zero Age Main 

Sequence (ZAMS) in the Color-Color Diagram (CCD). 
The extinction law in An et al. (2008) is used for deter- 
mining reddenings: Au/Ay = 1.574, Ag/Ay = 1.189, 
Ar/Av = 0.877, Ai/Av = 0.673, and A^/Ay = 0.489, 
assuming Ry = Ay/E{B — V) = 3.1. After determin- 
ing the foreground reddening, we estimated the dis- 
tance and age for the clusters using the isochrone fit- 
ting in the CMD. For this fitting, we need to know 
the metallicity of the clusters. However, it is not easy 
to derive a metallicity from photometry. Therefore we 
adopted the metallicity for the clusters using the re- 
lation between [Fe/H] and the galactocentric distance 

Figure 4 displays [Fe/H] and Rqc relation based on 
data for 186 clusters with [Fe/H] values in DAML02. 
We derived the mean metallicity for each 1 kpc-size 
bin as a function of i?GCi as plotted in the same 
figure. The mean metallicity decreases as i?GC in- 
creases for -Rgc < 12 kpc, and appears to be con- 
stant at [Fe/H] « —0.3 thereafter. We fitted the data 
for Rgc ^ 12 kpc with a linear function, obtaining 
<[Fe/H]>= (-0.076±0.013)iiGC + (0.600±0.116) with 
rms = 0.029. This value for the radial gradient is simi- 
lar to previous estimates (Friel et al. 2002; Chen et al. 
2003; Andreuzzi et al. 2011). We adopt the metal- 
licity for each cluster using this relation; [Fc/H] = 
+0.022, +0.023, -0.164, -0.203, and -0.344 (Z=0.019, 
0.019, 0.016, 0.016, 0.013) for Berkeley 49, Berkeley 
84, Czernik 5, Pleiderer 3, and Alessi 53, respectively. 

4. RESULTS 

We describe the results we derived applying the 
above methods for each cluster in the following. 

4.1 Czernik 5 

The coordinates for the center of this Czernik 5 we 
derived are {a = Olh 55m 43.4s, S = +61° 21' 21"), 
which are different by 561". in RA and 81" in Dec 
from the values in DAML02. The radial number den- 
sity profile of Czernik 5 derived using the new cluster 
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Fig. 4. — Mctalhcity vs. Galactocentric distance diagram 
for 186 OCs in DAML02. Filled squares and error bars 
represent the mean metallicities. Large symbols represent 
the assumed metallicity of the target clusters in this study. 



center is shown in Figure 3(a). From this figure, the ra- 
dius of Czernik 5 is determined to be i?ci = l'.75±0.13. 

Figure 5 shows (a) an r — (g — r) CMD of Czernik 
5, and (b) a CMD of the background region which has 
the same area as that of the cluster region, as shown in 
Figure 1(a). Main sequences are found on both CMDs, 
but more stars are seen in the cluster's CMD. It is 
notable that the cluster CMD shows about two dozen 
bright stars at 0.8 < {g - r) < 1.2 and 14 < r < 17, 
while the background CMD shows few. Most of these 
stars are considered to be the members of the cluster. 
About half of these bright stars are located close to the 
cluster center, within the half of the radius. 

Figure 6 shows the result of the isochrone fitting. 
We derived its age, log(age[yr])=8.45, and the redden- 
ings: E{B -V) = 1.20 ± 0.05, 1.20 ± 0.05, 1.15 ± 0.05, 
and 0.85 ± 0.05 from r - {g - r) CMD, r - [g - i) 
CMD, r-{g-z) CMD, and r-{u~g) CMD, respec- 
tively. Corresponding distance moduli we derived are 
all (to — M)o = 12.2 ± 0.2. These values are listed in 
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(a) Czemik 5 




Fig. 5. — (a) r — {g ~ r) CMD of the stars in Czernik 5. 
Open circles are stars inside the radius of Czernik 5, and 
filled dots are those inside the half radius of the cluster, (b) 
r — {g — r) CMD of the stars in the background region, as 
shown in Figure 1(a). Mean errors are marked at the left 
side of each panel. 



Table 4. The reddening values derived from the first 
two CMDs agree, while the latter two have somewhat 
smaller values. This trend is similarly seen in other 
clusters. This indicates that the theoretical colors in 
the Padova isochrones, (g — z) and [u — g) are too red 
by '-^ 0.1. Hereafter we adopt the values for the redden- 
ing and distance modulus derived from r—{g — r) CMD 
for further analysis, because this CMD is considered to 
be most reliable for cluster analysis (An et al. 2008). 
Figure 6(b) and (c) display the {u — g) — (g — r) CCD 
and {g — r) — {r — i) CCD for the bright main sequence 
stars located within the solid box in Figure 6(a). They 
are well fitted by the ZAMS shifted according to the 
reddening E{B -V) = 1.20. 
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4.2 Alessi 53 

This cluster is not easy to discern in the gray-scale 
map of r band image (Figure 1(b)). However, the radial 
number density profile of the stars around this cluster 
shows clearly an excess in the cluster region. The coor- 
dinates for the center of this cluster (a ~ 06h 29m 24.0s, 
5 = +09° 10' 49") are different by -6" in Dec from the 
value in DAML02. Figure 3(b) displays the radial num- 
ber density profile of this cluster we derived. We deter- 
mined the radius of Alessi 53 to be Rd = 1'.75 ± 0.13. 

The CMD of Alessi 53 in Figure 7 shows a narrow 
main sequence at 16 < r < 18.5 which is not seen in 



Fig. 6. — CMDs and CCDs of Czernik 5. Symbols rep- 
resent the same as in Figure 5. The solid line represents 
an isochrone for log(age[yr])=8.45 and Z — 0.016, and the 
dashed line represents the ZAMS. The arrow in each panel 
represents a reddening vector, (a) Isochrone fitting for Cz- 
ernik 5 in the r ~ {g — r) CMD. The isochrone is shifted ac- 
cording to E{B-V) = 1.20 and (m-M)o = 12.2. The solid 
box contains main sequence stars that are plotted in the fol- 
lowing CCDs, (b) {u-g)-{g- r) CCD. (c) {g-r)-{r- i) 
CCD. (d) r-{g~i) CMD. (e) r-{g-z) CMD. (f) r-{u-g) 
CMD. 
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the CMD of background stars. There is seen a hint of 
another sequence that is located ~ 0.8 mag above the 
main sequence. This may be a binary sequence of this 
cluster. 

Figure 8 shows the result of the isochronc fitting. 
We derived its age, log(agc[yr])=8.4, and the redden- 
ings: E{B -V)= 0.80 ± 0.05, 0.80 ± 0.05, 0.75 ± 0.05, 
and 0.70 ± 0.05 from r - {g - r) CMD, r - {g - i) 
CMD, r - (.9 - z) CMD, and r - (m - g) CMD, respec- 
tively. Corresponding distance moduli we derived are 
(m-M)o = 13.3±0.15 for r-{g^r) CMD and r-ig-i) 
CMD, and (m-M)o = 13.5 ±0.15 for r- (5-^) CMD 
and r — {u — g) CMD. These values are listed in Table 5. 
The reddening values derived from the first two CMDs 
agree, while the latter two have somewhat smaller val- 
ues. Figure 8(b) and (c) display the (u — g) — {g — r) 
CCD and {g — r) — {r — i) CCD for the bright main se- 
quence stars located within the solid box in Figure 8(a). 
They are well fitted by the ZAMS shifted according to 
the reddening E{B -V) = 0.80. 

4.3 Berkeley 49 

The coordinates for the center of Berkeley 49 {a = 
19h 59m 29.8s, S = +34° 38' 30") derived in this study 
are different by -18".0 in RA and -18" in Dec from 
the values in DAML02. From the radial number den- 
sity profile in Figure 3(c), wc determined the radius of 
Berkeley 49 to be = 1'.25 ± 0.13. 

The CMD of this cluster in Figure 9 shows a rather 
broad main sequence. This may be due to severe fore- 
ground reddening. The bright main sequence in the 
cluster CMD is not clearly seen in the background 
CMD so that most of the stars in this sequence are 
probably the cluster members. The main sequence 
turnoff point appears to be located at {g — r) ~ 1.1 
and r ~ 16.5. 

Figure 10 shows the result of the isochrone fitting. 
We derived its age, log(age[yr])=8.9, and derived the 
reddenings and distance moduli from CMDs with dif- 
ferent colors: E{B - F) = 1.18 ± 0.05 and (m - M)o = 
11.6±0.2 from r-(5-r) CMD, E{B-V) = 1.15±0.05 
and (m - M)o = 11.6 ± 0.2 from r - {g - i) CMD, 
E{B -V) = 1.10 ± 0.05 and (m - M)o = 11.8 ± 0.2 
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Fig. 7. — (a) r - {g -r) CMD of the stars in Alessi 53. 
Open circles are stars inside the radius of Alessi 53, and 
filled dots are those inside the half radius of the cluster, (b) 
r — {g — r) CMD of stars in the background region which is 
shown in Figure 1(b). Mean errors are marked at the left 
side of each panel. 



Table 5. 

Estimates for reddenings and distance moduli of Alessi 53 
based on different colors 



Table 4. 

Estimates for reddenings and distance moduli of Czernik 5 
based on different colors 
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Fig. 8. — CMDs and CCDs of Alessi 53. Symbols rep- 
resent the same as in Figure 7. The solid line repre- 
sents an isochrone for log(age[yr])=8.4 and Z = 0.013, 
and the dashed line represents the ZAMS. The arrow in 
each panel represents a reddening vector, (a) Isochrone fit- 
ting for Alessi 53. The isochrone is shifted according to 
E{B -V) = 0.80 and (m - M)o = 13.3. The inclined solid 
box contains main sequence stars which are plotted in the 
following CCDs, (b) {u-g)-[g-r) CCD. (c) {g-r)-{r-i) 
CCD. (d) r--(g-i) CMD. (e) r-{g~z) CMD. (f) r-{u~g) 
CMD. 
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Fig. 9. — (a) r - {g-r) CMD of the stars in Berkeley 49. 
Open circles are stars inside the radius of Berkeley 49, and 
filled dots are stars inside the half radius of the cluster, (b) 
r — {g — r) CMD of stars in the background region, which 
is shown in Figure 1(c). Mean errors are marked at the left 
side of each panel. 



from r - {g - z) CMD, and E{B - V) = 1.05 ± 0.05 
and (m - M)o = 11.6 ± 0.2 from r ~ {u - g) CMD. 
These values are also listed in Table 6. The reddening 
values derived from the CMDs are decreasing from the 
r-{g-r) CMD to the r-(u-g) CMD. Figure 10(b) and 
(c) display the {u — g) — {g — r) CCD and {g — r) — {r — i) 
CCD for the bright main sequence stars located within 
the upper solid box located within 16 < r < 18 in Fig- 
ure 10(a). They are weh fitted by the ZAMS shifted 
according to the reddening E{B — V) — 1.18. 



Table 6. 

Estimates for reddenings and distance moduli of Berkeley 
49 with different colors 
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Fig. 10. — CMDs and CCDs of Berkeley 49. Symbols 
represent the same as in Figure 9. The solid line repre- 
sents an isochrone for log(age[yr])=8.9 and Z = 0.019, and 
the dashed line represents the ZAMS. The arrow in each 
panel represents a reddening vector, (a) The isochrone fit- 
ting for Berkeley 49. The isochrone is shifted according to 
E(B -V) = 1.18 and (m - M)o = 11.6. The stars located 
within the triangle are probably the field stars. A parallel- 
ogram located within 16 < r < 18 contains main sequence 
stars those are plotted in following CCDs. Another paral- 
lelogram, located within 18 < r < 20, contains faint main 
sequence stars. Radial distributions of stars located within 
each region are discussed in Section 5.3. (b) {u — g) — {g — r) 
CCD. (c) {g-r)-{r- i) CCD. (d) r - {g - i) CMD. (e) 
r-{g- z) CMD. (f) r - {u - g) CMD. 



4.4 Berkeley 84 

The coordinates for the center of Berkeley 84 [a 
= 20h 04m 42.6s, 5 = -1-33° 54' 24") derived in this 
study are different by -6".0 in RA and 6" in Dec from 
the values in DAML02. Figure 3(d) shows the radial 
number density profile of Berkeley 84. Based on the 
profile, we determined the radius of Berkeley 84 to be 
i?ci = l'.25±0.13. 

It is rather hard to study Berkeley 84 only using the 
SDSS because five stars inside the radius of Berkeley 
84 are saturated. These bright stars (r < 14) are not 
shown in CMDs, and the main sequence of Berkeley 84 
looks broad. Therefore the CMDs of Berkeley 84 and 
the background region look similar (Figure 11). This 
may be due to severe foreground reddening. In spite 
of that, the number and distribution of the stars at 
(5 — r) ~ 0.5 and 14 < r < 16 look different from that 
of the background so that most of the stars in the bright 
main sequence are probably the cluster members. 

Figure 12 shows the result of the isochrone fitting. 
We derived its age, log(age[yr])=8.65, and the redden- 
ings: E{B -V)= 0.73 ± 0.06, 0.80 ± 0.06, 0.73 ± 0.06, 
and 0.65 ± 0.06 from r - [g - r) CMD, r - {g - i) 
CMD, r ~ {g - z) CMD, and r - (u - g) CMD, re- 
spectively. Corresponding distance moduli we derived 
are all (m — M)o = 12.2 ± 0.2. These values are also 
listed in Table 7. The reddening values derived from the 
r—{g~r) and r — {g — z) CMDs agree, while the redden- 
ing from the r — {g — i) CMD is higher and that from the 
r — {u — g) CMD is smaller. Figure 12(b) and (c) display 
the {u-g)-{g- r) CCD and (5 - r) - (r - i) CCD for 
the bright main sequence stars located within the solid 
box in Figure 12(a). They are well-fitted by the ZAMS 
shifted according to the reddening E[B — V) = 0.73. 

4.5 Pfleiderer 3 

The coordinates for the center of Pfleiderer 3 (a = 
23h 08m 11.8s, 5 = -^60° 51' 54") derived in this study 
are different by 12". in RA and -30" in Dec from the 
values in DAML02. From the radial number density 
profile (Figure 3(e)), we determined the radius of Pflei- 
derer 3 as i?ci = 2'.00±0.13. 

Pfleiderer 3 is not clearly visible in the gray-scale 



Table 7. 

Estimates for reddenings and distance moduli of Berkeley 
84 with different colors 
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Fig. 11. — (a) r-{g-r) CMD of the stars in Berkeley 84. 
Open circles are stars inside the radius of Berkeley 84, and 
filled dots are stars inside the half radius of the cluster, (b) 
r ~ {g — r) CMD of stars in the background region, which 
is shown in Figure 1(d). Mean errors are marked at the left 
side of each panel. 



map of r band image (Figure 1(e)). However, the r — 
{g — r) CMD of Pfleiderer 3 shows an obvious red giant 
clump at [g — r) ~ 2.2 and r ^ 19 (Figure 13(a)). 
Therefore the blue and bright part of the main sequence 
around {g — r) ~ 1.0 is possibly consist of foreground 
stars, as shown in the CMD of the control field (Figure 
13(b)). 

Figure 14 shows the result of the isochrone fit- 
ting. We derived its age, log(age[yr])=9.0, the redden- 
ing, E{B — V) = 1.50 ± 0.05, and distance modulus, 
(m-M)o = 13.3±0.2 from the r-(g-r) CMD. Values 
derived from all other CMDs agree with those values. 
We also derived the reddening and distance modulus 
for the foreground sequence using the ZAMS. The red- 
dening is E{B ~ V) = 1.40 ± 0.05, and the distance 
modulus is (m — M)o = 12.95 ±0.2. Figure 15 displays 
the iu-g)-{g- r) CCD and {g-r)-{r- i) CCD for 
the bright foreground sequence stars and the red giant 
clump stars located within two boxes in Figure 14(a). 
The red giant clump stars are too faint at the u band, 
so that they do not appear in the {u — g) — {g — r) CCD 
(Figure 15(a)), neither r-{u-g) CMD (Figure 14(d)). 
Figure 15(b) shows the {g — r) — [r — i) CCD. There 
are two groups of stars: the blue one is the foreground 
sequence stars and the red one is the red giant clump 
stars. 
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Fig. 12. — CMDs and CCDs of Berkeley 84. Symbols 
represent the same as in Figure 11. The solid line rep- 
resents an isochrone for log(age[yr])=8.65 and Z — 0.019, 
and the dashed line represents the ZAMS. The arrow in each 
panel represents a reddening vector, (a) The isochrone fit- 
ting for Berkeley 84. The isochrone is shifted according to 
E{B -V) = 0.73 and (m - M)o = 12.2. The inclined solid 
box contains main sequence stars which are plotted in the 
following CCDs, (b) {u-g)-{g~r) CCD. (c) {g-r)-{r-i) 
CCD. (d) r~{g~i) CMD. (e) r-{g-z) CMD. (f) r~{u~g) 
CMD. 
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Fig. 13. — (a) r-{g~r) CMD of the stars in Pfleiderer 3. 
Open circles are stars inside the radius of Pfleiderer 3, and 
filled dots are stars inside the half radius of the cluster, (b) 
r ~ {g — r) CMD of stars in the background region, which 
is shown in Figure 1(e). Mean errors are marked at the left 
side of each panel. 



5. DISCUSSION 

5.1 Comparison with previous studies 

The parameters of the clusters derived in this study 
are summarized in Table 8. Three clusters (Czernik 5, 
Berkeley 49, and Berkeley 84) among our targets were 
studied previously (Tadross 2008, 2009; Camargo et al. 
2009; Subramaniam et al. 2010). We compare these for 
three clusters with those in the previous studies. 

In the case of Czernik 5, Tadross (2009) determined 
its age to be 700 Myrs (log(age[yr])=8.85), considering 
the existence of some red giant branch stars in the CMD 
based on 2MASS photometry. This value is much larger 
than our estimate, 280 ± 100 Myr. This large difference 
is probably due to the fact that we used the cluster 
coordinates derived in this study, which are different 
from those used by Tadross (2009), as 560" in RA and 
81" in Dec. 

The physical parameters of Berkeley 49 were de- 
rived by Tadross (2008) from 2MASS photometry, and 
by Subramaniam et al. (2010) from BVI photome- 
try. We obtain the value for the age of Berkeley 
49, 794 ± 210 Myrs (log(age[yr])=8.9 ± 0.13), while 
Tadross (2008) derived 160 Myrs (log(age[yr])==8.2) 
and Subramaniam et al. (2010) obtained 270 ±46 Myrs 
(log(age[yr]) =8.43 ±0.07). Both of these previous stud- 
ies estimated that the age of Berkeley 49 is younger 
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Fig. 14. — CMDs of Pfleiderer 3. Symbols represent the 
same as in Figure 13. The arrow in each panel represents a 
reddening vector, (a) An isochrone fltting for Pfleiderer 3. 
Solid line represents an isochrone for log(age[yr])=9.0 and 
Z = 0.016. It is shift^ed according to E{B ~ V) = 1.5 and 
(m — M)o = 13.3. Dashed line represents the ZAMS, that is 
shifted according to E{B-V) = 1.4 and (m-M)o = 12.95. 
The inclined solid parallelogram at the left sequence con- 
tains foreground main sequence stars, and a solid square 
at the right contains red giant clump stars. Those stars 
are plotted in the following CCDs. Another square, located 
within 20 < r < 21, contains main sequence stars. Radial 
distributions of stars located within each region are dis- 
cussed in Section 5.4. (b) r — [g — i) CMD. (c) r — [g — z) 
CMD. (d) r~{u~g) CMD. 
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Fig. 15. — CCDs of Pfleiderer 3. Symbols represent the 
same as in Figure 13. The arrow in each panel represents a 
reddening vector, (a) {u — g) — (g — r) CCD of the stars in 
Pfleiderer 3. (b) {g — r) — {r — i) CCD of stars in Pfleiderer 3. 
The dashed line in each CCD represents the ZAMS shifted 
according to E{B — V) = 1.40, and the solid line represents 
the giant part of an isochrone for log(age[yr])=9.0 shifted 
according to E{B ~ V) = 1.50. 



than our study. 

The age difference between ours and Tadross (2008) 
may be due to the fact that we included RGB stars 
as the members, while Tadross (2008) did not. These 
stars, shown in Figure 16, have similar proper motions 
to those for other members of Berkeley 49 so that they 
are considered to be the members of this cluster. It is 
noted that the four brightest RGB stars (J < 11.2) are 
located within the half radius of Berkeley 49. Therefore 
we consider that these RGB stars are members of the 
cluster, while Tadross (2008) regarded these stars as 
field stars. 

The age difference between ours and Subramaniam 
et al. (2010) may be due to a difference in the turnoff 
point in the CMD. We considered the stars at r ~ 16.0 
mag and {g — r) ~ 1.1 to be a turnoff point, and con- 
sidered nine brighter stars above this turnoff to be field 
stars. In contrast, Subramaniam et al. (2010) con- 
sidered the turnoff point to be at ^ ~ 15 mag and 
{B — V) ~ 1.2, (corresponding to r ~ 14.6 mag and 
{g — r) ~ 1.0 (Jester et al. 2005)), which is 1.4 mag 
brighter than the turnoff we chose. 

The difference in age estimates may depend on 
the reddening difference. Our reddening estimate, 
E{B — V) = 1.18, is slightly smaller than the val- 
ues given by Tadross (2008) and Subramaniam et al. 
(2010), E{B -V) = 1.57 and E{B -V) = 1.35, respec- 
tively. Therefore the larger values for ages are derived 
when we choose smaller values for reddenings. 

In spite of these reddening and age differences, es- 
timated distances are marginally consistent with each 
other within the error. Our distance is 2090 ± 200 pc 
((m — Af)o = 11.6 ±0.2), while the distance of Tadross 

(2008) is 2035 ± 110 pc ((to - Af)o = 11.54 ± 0.12) 
and that of Subramaniam et al. (2010) is 2300 ±230 pc 
((to-M)o = 11.81 ±0.22). 

We also compared the physical parameters of Berke- 
ley 84 with those in Tadross (2008) and Camargo et al. 

(2009) , using the 2MASS CMDs which are shown in 
Figure 17. Both of the previous studies regarded four 
RGB stars around J ~ 11.5 mag and (J — H) ~ 0.8 as 
field stars, and considered that two blue stars around 
J ~ 11.5 mag and (J — H) ~ 0.2 to be the mem- 
bers. However, the brightest RGB star with J ~ 9 
mag and two RGB stars with J ~ 11.5 mag are located 
within the half radius of Berkeley 84, while the two 
blue stars are located at the distance farther the half 
radius. Therefore the RGB stars are considered to have 
a higher probability of being the members than the blue 
stars. This different member selection is a reason for 
the different estimates of reddenings. Our reddening 
value for E{B — V) = 0.73 ± 0.06 is consistent with 
the value of Tadross (2008), E{B - V) = 0.76 ± 0.1. 
Our estimate is much larger than the value derived by 
Camargo et al. (2009), E{B -V) = 0.58 ± 0.06. 

The reason for age differences of Berkeley 84 seems 
to be similar to the case for Berkeley 49. We derived the 
age of Berkeley 84, 447±130Myrs (log(age[yr])=8.65± 
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Fig. 16. — Left. J-{J~H) CMD of the stars in Berkeley 
49. Right. K - {J - K) CMD. Solid line represents the 
isochrone for the same parameters as determined in the r — 
{g — r) CMD (Figure 10(a)). Dashed line and dotted line 
represent the isochrones for the parameters given in Tadross 
(2008) and Subramaniam et al. (2010), respectively. 



0.15). Tadross (2008) and Camargo et al. (2009) esti- 
mated the age to be 120 Myrs (log(age[yr])=8.1) and 
360 ± 50 Myrs (log(age[yr])=8.55 ± 0.06), respectively. 
Tadross (2008) 's value is much smaller than ours, while 
Camargo et al. (2009) 's value is consistent with ours 
within the error. Our distance estimate, 2750 ± 270 
pc ((m - M)o = 12.2 ± 0.2), is larger than 2025 ± 95 
pc ((to - M)o = 11.55 ± 0.12) for Tadross (2008) and 
1700 ± 100 pc ((to - Af)o = 11.15 ±0.13) for Camargo 
et al. (2009). 

5.2 Spatial distribution of the open clusters 

With the distance estimates for our target clusters 
we can investigate where they are located in the Galac- 
tic plane. In Figure 18(a) we show the spatial dis- 
tribution of these clusters in the galactic plane. We 
also plotted the positions of intermediate-age clusters 
in DAML02 for comparison. The age distribution of 
the clusters in DAML02 shows three groups: young 
clusters with log(age[yr])< 7.4, intermediate-age clus- 
ters with log(age[yr])=: 7.4 — 9.0, and old clusters with 
log(age[yr])> 9.0. The age range for the intermediate- 
age clusters covers the ages of our target clusters. 
Therefore we plotted the intermediate-age clusters with 
log(age[yr])= 7.4 — 9.0. In addition we marked the spi- 
ral arms in our Galaxy (ChurchwcU et al. 2009). The 
intermediate-age clusters are mostly located near the 



Fig. 17. — The same as Figure 16 but for Bekeley 84. 
Dashed line and dotted line represent the isochrones for 
the parameters given in Tadross (2008) and Camargo et al. 
(2009), respectively. 



Sun, and they do not show any significant correlation 
with the arms. Berkeley 49 and Berkeley 84 are located 
in the Orion spur, Czernik 5 is in the Perseus arm, 
and Pfleiderer 3 and Alessi 53 are located between the 
Perseus arm and the outer arm. 

Figure 18(b) displays the distance from the Galac- 
tic plane (z) versus the galactocentric distance (i?Gc) 
for the target clusters. We also plotted the same for 
the intermediate-age clusters in DAML02 for compari- 
son. All the target clusters are closer than 94 pc to the 
Galactic plane. 

5.3 The blue stars in Berkeley 49 

We found nine blue stars in Berkeley 49. These stars 
are bluer than the turnoff point of Berkeley 49, and red- 
der than the ZAMS. Subramaniam et al. (2010) consid- 
ered that these stars are the most bright main sequence 
stars of Berkeley 49. However, they seem to be neither 
the main sequence stars nor blue straggler stars, are 
described in the following. 

It is considered that blue straggler stars are heavier 
than main sequence stars. Therefore if these blue stars 
are blue straggler stars or main sequence stars, then it 
is expected that they show a stronger or similar cen- 
tral concentration than the other main sequence stars. 
We investigated this using two ways: the spatial dis- 
tribution of the stars, and the cumulative distribution 
functions (CDFs) for radial distributions of the stars. 
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Table 8 

Physical parameters of the clusters 



Name 


Age 


E{B - V) 


Distance 






Reference 




Myr 


mag 


pc 


kpc 


pc 




Czernik 5 


280 ± 100 


1.20 ± 0.05 


2750 ± 270 


10.01 ± 0.20 


-27 ±3 


This study 




700 


1.23 


2205 ± 100 


9.57 ± 0.07 


-23" 


Tadross (2009) 


Alcssi 53 


250 ± 150 


0.80 ± 0.05 


4570 ± 330 


12.35 ± 0.67 


-53 ±4 


This study 


Berkeley 49 


794 ± 210 


1.18 ± 0.05 


2090 ± 200 


7.58 ± 0.01 


94 ±9 


This study 




160 


1.57 ± 0.1 


2035 ± 110 


7.58 ± 0.01 


gi'^ 


Tadross (2008) 




270 ± 46 


1.35 ± 0.02 


2300 ± 230 


7.57 ± 0.01 


19 ±2 


Subramaniam et al. (2010) 


Berkeley 84 


447 ± 130 


0.73 ± 0.06 


2750 ± 270 


7.57 ± 0.01 


61 ±6 


This study 




120 


0.76 ± 0.1 


2025 ± 95 


7.58 ± 0.01 


45" 


Tadross (2008) 




360 ± 50 


0.58 ± 0.06 


1700 ± 100 


7.61 ± 0.01 


38 ±3 


Camargo et al. (2009) 


Pfleiderer 3 


1000 ± 260 


1.50 ± 0.05 


4570 ± 440 


10.53 ± 0.31 


37 ±4 


This study 



^AIl i?GC a^re calculated using Rq = 8 kpc. 

''These values represent heights from the galactic plane. All these values are calculated using their distances, except 
Tadross (2008) and Tadross (2009). 

These values are presented in the references. 



We selected three groups of stars in this cluster for 
the analysis: the bhie stars, the bright main sequence 
stars, and the faint main sequence stars, according to 
the marked regions in Figure 10(a). 

Figure 19 shows the spatial distribution of these 
three groups of stars marked in a gray-scale map of 
Berkeley 49. The bright main sequence stars show 
a stronger central concentration than the other two 
groups. It is also seen that both the blue stars and 
the faint main sequence stars are distributed sparsely 
all over the cluster region. 

In Figure 20 we plotted the CDFs for radial distri- 
butions of the three groups of stars. It is seen that 
the bright main sequence stars arc more centrally con- 
centrated than the other two groups, and that these 
two groups show similar distributions. We performed 
Kolmogorov-Smirnov (K-S) tests to estimate how much 
these groups are different in radial distribution. The 
tests yield 19%, 72%, and 7% probabilities for the sets 
of (blue stars - bright main sequence stars) , (blue stars 
- faint main sequence stars), and (bright - faint main 
sequence stars), respectively. These probabilities indi- 
cate that the two main sequence groups are clearly dif- 
ferent. However it is not obvious that the blue stars arc 
different with the other two groups. This is not consis- 
tent with the dynamic prediction for the blue straggler 
stars. Therefore the blue stars are considered to be 
field stars. 

5.4 The blue sequence of Pfleiderer 3 

We found a blue sequence in the CMD of Pfleiderer 
3 (Figure 14(a)). We selected the blue sequence stars, 
the red giant clump stars, and the main sequence stars 
in this cluster to check the membership of the former, 
according to the marked regions in Figure 14(a). 



Figure 21 shows CDFs for radial distributions of the 
blue sequence stars, the red giant clump stars, and 
the main sequence stars in Pfleiderer 3. The red gi- 
ant clump stars and the main sequence stars show a 
stronger central concentration than the blue sequence 
stars. Therefore these blue sequence stars are consid- 
ered to be foreground stars. K-S tests yield 27% prob- 
ability for the set of (blue sequence stars - red giant 
clump stars) and 66% probability for the set of (blue 
sequence stars - main sequence stars). These probabil- 
ity indicate that the blue sequence stars are different 
population from the red giant clump stars and the main 
sequence stars. 

According to the estimates of the distance and fore- 
ground reddening of this blue sequence, the blue se- 
quence stars, being 680 pc closer than Pfleiderer 3, are 
located in the Perseus arm, while Pfleiderer 3 is be- 
tween the Perseus arm and the outer arm. It is consis- 
tent with the location of Pfleiderer 3 which is at beyond 
the Perseus arm. 

6. SUMMARY 

We have derived the physical parameters of five open 
clusters in the SDSS. To obtain parameters, we deter- 
mine the position of these clusters first. Then we ex- 
clude fast proper motion stars using the velocity dis- 
persion of each cluster using the PPMXL. The size 
of the clusters is determined using remaining stars. 
We assume the metallicity of these clusters to follow 
the radial metallicity gradient of OCs using data in 
DAML02. We determine the age, distance, and red- 
dening of the clusters using the Padova isochrones. The 
ages of the clusters arc in the range from 250 to 1000 
Myrs, the distance to these clusters are derived to be 
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Fig. 19. — A gray-scale map of Berkeley 49. The large 
solid circle represents the radius of the cluster, and the small 
circle represents the half radius. Stars, triangles, and open 
circles represent the blue stars, bright main sequence stars, 
and faint main sequence stars, respectively. 
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Fig. 18. — (a) The spatial distribution of the clusters 
(star symbols) in the Galactic plane. Dots represent the 
intermediate-age clusters (7.4 < log(age[yr]) < 9.0) in 
DAML02. The Sun is marked by a filled circle at the cen- 
ter. The radii of the dashed line circles are 3, 6, 9, 12, 
and 15 kpc. Curved solid lines represent spiral arms, (b) 
The vertical distribution of the clusters with respect to the 
Galactic plane (dashed line). Dots represent the same as 
in (a). Large symbols represent the target clusters and the 
Sun, respectively. 
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Fig. 20. — Cumulative number distributions of stars in 
Berkeley 49. The solid, dashed, and dash-dot line repre- 
sent the blue stars, bright main sequence stars, and faint 
main sequence stars, respectively. Numbers of the stars are 
normalized by the maximum value. 
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Fig. 21. — Cumulative number distributions of stars in 
Pfleiderer 3. The solid and dashed line represent the blue 
sequence stars and the red giant clump stars, respectively. 
Numbers of the stars are normalized by the maximum value. 

2.0 — 4.4 kpc. The reddenings are estimated to be 
E{B -V)= 0.71 - 1.55. The derived physical pa- 
rameters are listed in Table 8. 

These clusters follow the distribution of the intermediate- 
age OCs without exception. They are located from the 
Orion spur to between the Perseus arm and the outer 
arm. The distance from the galactic plane for the clus- 
ters is less than 94 pc. 

We find nine stars which are bluer than the turnoff 
point of Berkeley 49. We compare their central con- 
centration with that of bright and faint main sequence 
stars. The blue stars are not more centrally concen- 
trated than the bright main sequence stars, but are 
distributed sparsely all over the cluster region. There- 
fore these blue stars are considered to be field stars. 

There are many blue sequence stars in Pfleiderer 
3, but they seem to be foreground stars. Physical 
parameters of these blue sequence stars derived from 
the ZAMS fitting. The reddening is derived to be 
E{B — V) — 1.40 ± 0.05 and distance modulus is 
(m — M)o ~ 12.95 ± 0.2. This is corresponding to the 
distance to the Perseus arm lying the foreground of the 
cluster. 
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